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Design of the I-tracker

End-plates

Separate the wire holding
function from gas tightness:

 wire holding structure must
be undeformable, but
not necessarily gas
tight

* gas envelope must
withstand pressure
but is free to sustain
large deformations
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The structure of the Drift Chamber

The CAD model, loads and constraints

The structure of the Drift Chamber is composed by:

I
v v

Two external end plates An internal cylinder

The geometric constraints are:

> Cylinder length

Internal cylinder radius

A 4

External cylinder radius

A 4

The structural boundary conditions are:

\ 4

External pressure normal to all surfaces

Y

Fixed supports on the outer edge of the plates

4—-——-\
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What were the unknowns

\_

of the project

in the first phase?

~

Geometrical optimization
4{ The best profile of the end plates. ]7

N |
e ~ 'ﬁq

Minimum value for the maximum eq. stress -
& J .-
TR ; 2 g
Minimization of stresses and displacements|_

__in the contact regions (cylinder / plates) | W

- ~ ‘ﬂ i

Minimize the maximum value of the IRF

- J

A

A

)

Mechanical behavior

Structural response of the drift chamber
using an isotropic material.

Material choice

materials in order to satisfy the goals.

Industrial feasibility

4{ Investigation about the best composite } _
|

Verify the feasibility of the structure,
monitoring costs and quality too.
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ANSYS provides a comprehensive
coupled physics tool combining
structural, thermal, CFD, acoustic
and electromagnetic simulation
capabilities in a single software
product.
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ANSYS WB - Mechanical Simulation
Static Structural

choose the materials o ] |
A very complete and \ vy

user-friendly interface | model the structure as N——
allow us to ... parametric geometry

A 4

A

mesh the geometry

A 4

- A [ﬂ Project
. = |e@] Model {A4)
2

% Static Structural {AMNSYS)
ygr— v = B Geometry
Engieering Data y — i Part set the boundary
3 | Geometry v 4 B Surface Body > S
4|ﬂ Madel v . B Surface Body Condltlons
5 | @ sstp v . TR Surface Body
& =aldtian v . =% Coordinate Systems I h I
7 [ @ Rosus v >4 Global Coordinate System o solve t e Stru Ctu ra
4 ,@ Connections ”
=8 f)p_.l Paraneters I - '/% Mesh prObIem
Drift Chamber /BB Mapped Face Meshing

= (=] static Structural {(A5)
w1 Analysis Settings

/@m Pressure

v

analyze the results

(pd Parameter Set . | /E_I;]v Fixed Support

+ Solution (AG)

parameterize each
physical quantity

A 4

Really, the results obtained after the simulation of the structure in its first

attempt configuration, don’t ensure the best behavior of the Drift Chamber.
So, we can link the structural analysis made by ANSYS WB with a
multiobjective optimization environment: modeFRONTIER. Key partner in Design Process Innovation




ive optimization and design environment

modeFRONTIER 4 - Project :sw-ptc_abaqus-feabracket-ProE_abaqusCAE-07.prj

g3s0007
:

£25.000

L ]

modeFRONTIER is a multi-objective optimization and design
environment, written to allow easy coupling to almost any computer aided
engineering (CAE) tool, whether commercial or in-house, and to perform
advanced data mining

“
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Why EnginSoft? Multidisciplinary

co

\_ Injection

Stamping

Machining

ﬂ 1-D
Fluid

mechanics

-

~

Experimental
data

\_ ForglngJ

.t'
_:i

i

MOodeFRONTIER

nd design el

atigue

Casting

EnginSoft S.p.A. Company Profile
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Optimization Concept: logic flow — the “brain”

The structure of a
generic optimization

Output Variables

Process:
nropused e results found by
N configuration solver
Input
Variables / o :
Decisional enaine

Asgign a set
of values <

New
attenjpt o
(loop) _A \ esul s
satisfact\ ould be Objec /
the solutid Qly Co,m/ /E ‘
current improved fu —~< _— the
solution -Tectives
accepted
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a multi-objective optimization and design environment

Eﬁgﬁ modeFRONTIER

Geometrical optimization of the chamber’ shape changing the
coordinates of the three points of the spline.

> H_central
> Input data > V_central
> H_end
. DOE - Design of
Experiments
ModeFRONTIER workflow for L Genetic algorithm
: . » Optimization strategy >
the geometrical optimization MOGA-I|
> Solver node » ANSYS WB project
» Minimize max stress
> Objectives > tl\r/llinimize stress on
e contact regions
R Maximize
- Safety Factor

Key partner in Design Process Innovation



Stress Probe

In these graphs is shown the trend followed by the designs built in ModeFRONTIER.

We can see that the genetic algorithm drives the designs towards the optimal zone.

‘—-«
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The new end plates shape — geometrical optimization J L I

The best configurations are 4, and their coordinates

are all close.

On the left we can see the new profile of two

symmetrical end plates.

First attempt configuration

Optimized design by modeFRONTIER

Note: in the structural analysis with the first attempt

configuration, the minimum safety factor was about 0,8

(failure conditions), and the most critical zone was

corresponding to the contacts between cylinder and

o/ plates.

In the best configuration the SF is equal to 4,44 and the most critical zones are near to external constraints

“
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ESAComp
The choice of the custom composite materials

ESAComp is the software used to design and analyze the composite laminates.

Plot x- and y-components not in the san

A\ 4 Y A Y
(It's possible to find the We can create a custom ESAComp allows to Other tools and
best composite materials ply or laminate and bring analyze the laminates applications are
in a big database and to forward some kinds of through the Classical available in ESAComp,
\create a custom material ) \analysis Lamination Theory including:
[=- - |Data Bank 2 [Fibers @ nsw0ERa
@-[EAETEsives .ggrart;ud m' Fiber and matrix e o LTI T ( . dosi )
| ey =L Carbon 28 o} ' obust design <
E-DCDres-Fuam -C]Glass m P'V 4 : _:;: E\\\ RN RRIT \\‘1 g
- (Jend El- [ Matrix materials 5o 800 | \ /
- (JPE G EM Laminate Boa 0
- (JPES -] Cyanate Plies s N
Sgg;‘lr Eggg;}e@jﬁer ‘ Laminate load ::: FPF envelope - multiple failure criteria for UD plies Costs analysis <
B00000
#-CJPUR &[] vinylester n Laminate load on curved plate \_ y,
w-(IPve £+ (JPlies - Homogensous o
- 334N o E(Metals ﬂ Beam and stiffener 200000 P \
- (3 Syntactic =-JPlies - Reinfarced . .
- [ Cores - Honaycomb (] Aramid m FE import Thermal anaIyS|s <
- CJAluminum #-[JCarhon 200000 \ y
B (Y Aramid #-[]Glass === | Bondedjoint 400000
B[] Blass-reinforced 2-[Mmc
- Others (] ather e Wechanical joint 0000 400000200000 ] 200000 400000 60ODO ( )
£ [ Cores - Other i i i <
- (Balsa @ | Cylindical shel T Hygrometric analysis
- (] Testile “ TealWu, F_12°-0.5 ~ /
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4{ Adhesives ]7

4{ Cores

The choice of the custom composite materials

\ 4

-

.

Industrial from DB ]

A 4

.

-

Custom from datasheet]

A 4

Foam

—

A 4

Honeycomb

A 4

Others

~

Industrial from DB

J

.

~

Custom from datasheet

J

-

\

~

Industrial from DB

J

-

.

~

Custom from datasheet

J

> Fibers ]
4{ Matrix ]7 j
4{ Plies } >

ESAComp

Industrial from DB ]

Carbon Foam
Custom from datasheet KFoam Grade D1 ]
Carbon Foam ]
Grafoam FPA-10

A 4

Custom from datasheet]—»[ Ply HS150 - ER432 ]

Reinforced }

A 4

Homogeneous ]

v

Industrial from DB ]

Typical ]

“
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Input 1

Input 2

Input 3

Objective 1

\ 4

4 ! )
First attempt
\__configuration )

v

Objective 2

Objective 3

A

A

-

\ modeFFiONTIER y

A"

Best geometrical

\___configuration )

4 _ )

Choice of composite

\_ materials )

« With ACP we can verify the structural
response of the model using the WB model
and the ESAComp materials chosen.

* It’s possible to verify the industrial feasibility
of the structure through the “Draping” and
“Flat Wrap” functions.

«The full model can be completely
parameterized and customized editing the files
produced in python language.

* The Failure Criteria implemented in ACP are
specific methods suitable for the composite

materials (Tsai-Hill, Tsai-Wu, Puck, and so on)
-/

\A/
4 - N

L

ACP

BAT :
file @nsys Composite PrepPostj

.

r Python script file

‘—-«
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- Import the model from ANSYS WB

ACP — Ansys Composite PrepPost

—~>Read the properties of the composite materials and associates these to the model
- Verify the feasibility through the draping function
—> Solve the static structural analysis

—~>Read the results and analyze the response with composite Failure Criteria.

Displacements sum Stress contours Inverse Reserve Factor

RESULTS e ——
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Draping of the ply and Flat-Wrap @

FEA Developments in ACP - Feasibility of the geometry

Geometric analysis of the end plates and convergence solution in ACP, draping of laminates and Flat-Wrap of the
model, static structural analysis in ACP for different configurations (4 laminates created with the unidirectional prepreg
chosen).

i =5
it

Element Lol 11495
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BUCKLING INSTABILITY

The static structural analysis isn't enough to ensure the positive response of the
Drift Chamber, because the load imposed causes the buckling mode.

N 3 i

Complete analysis

\ 4 \ 4

Static structural Linear Buckling

The structure of the Drift Chamber
was in failure conditions due to
buckling instability.
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Aluminum

The critical behavior is focused in the

| WB - Static LOAD MULTIPLIER
Structural +

_ _ Critical buckling load
Linear Buckling A =

(with Aluminum alloy) Current load

Structural +
LLinear Buckling
(

composite materials)

. ACP - Static
)

The best ACP Static
Structural model of
the Drift Chamber

midsection of the cylinder.

Choice of core materials
(ESAComp)

_ KFoam_Grade D1
Grafoam FPA-10

Composite Materials

To ensure a good structural response, the load
multiplier must be greater then 1.

A

LOAD MULTIPLIER

Critical buckling load

Current load

————
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We have simulated in ACP about 40 different configurations, changing the lay-up of
the cylinder and the thickness of the cores.

The results obtained for the acceptable designs are shown below

Kfoam_Grade D1

Lay-up del cilindro

Grafoam FPA-10

Lay-up piatti esterni | Lay-up del cilindro Numero ply

4-——-_\
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0,4500000

CYLINDER STRUCTURE =~ wwower

Unidirectional reinforced : 0,3500000

0,3000000

skin (0°/90°)
e

0,2500000
Superlite core

0,2000000

Unidirectional 0,1500000

reinforced skin (0°/90°)

Mass per unit area [g/fcm’]

0,1000000

X-axis: cylinder thickness

0,0500000

Y-axis: mass per unit area

0,0000000

Bubbles area: Load Multiplier

Anytime we could change the composite
materials or the geometry of the model,
obtaining in a short time the new results
because our project is now completely ...

. e . 1,322407
. 1,634037
. e . 1,015331
. 1,252976
. 1,7821630
. 13210470 ® Grafoam FPA-10
. . 1,7067180 @ Kfoam
1,3006220 14150150
. 1,0700310 .
; 5,5 6 6,5 7 75
Cylinder thickness [mm]
r ANSYS ModeFRONTIER
> Customized ] A &
b ENGIN
SO
> P i AcP :J r ' ESAComp
> arameterized ] v
\ >
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EnginSoft — Company Informations

STATUS: private company

HISTORY: founded in 1984 but rooting back to 1973
BASE AND BRANCHES: six main offices in Italy, Europe (Germany,

France, UK, ...), USA, Asia.
NATURE OF BUSINESS:

- ltaly's leading Computer Aided
Engineering software and services
supplier.

- Software sales, support, consultancy,
education and training.

- Participation in R&D project work (both
EC and Italian research founded
projects).

- Research centre for numerical
methods in engineering acknowledged
by the Italian Ministry of University and
Research.

TRENTO

ENGIN

q
SOFI | |
L BMESAGNE BR)

BERGAMO PADOVA
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Why EnginSoft?

Experience, development, multidisciplinary, knowledge, technology!

. SIZE - MARKET
e Over 900 customers

e 100 technicians in the “direct” technical staff

e Over 1000 CAE application licences installed in Italy

e Constant growth during the past 6 years
e Own software applications (modeFRONTIER)

e Over 15 research projects in progress

VIRTUAL PROTOTYPING

Controlling behaviors, performances and interactions of a product or component, that hasn’t been
built yet, using computer models which, in real time, allow to test the response of any operating

context and as regards any technical parameter. e —
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OVERVIEW OF APPLICATIONS

Car aerodynamics x s Electronics

Engine CFD

Time =_300

Structural analysis

gl 'l‘
‘IV JU ‘J\
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Partial list of customers worldwide

Q4D i @ National Eye Institute
SULZER @ L

AUO' HONDA YAMAHA
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“

EnginSoft S.p.A. Company Profile Key partner in Design Process Innovation




Partial list of customers in Italy

Merloni Elettrodomestici us & J7HNSON A~ CiB UNIGAS
R BOSCH » GATE n @
eonweknsoa  IWECO  [ml=lnd:] (IE. E R ) Flectmln PIAGGIO

ESITGrou
e oh (. llnELLl -“m'_ — ﬁ P OiMMERGAS
aprilia K FENES = . Benco Y- ——
Slelsid —eo [ “‘u“' 2z
~lampagnits > Snamprogettl
: ' AEEMS
WSS SEHR  pwncom =
[ANSAL DOBREDA 2
MARANGONIZ= | I2C-DETROIT DIESEL @ WE X |
ITALIA 5pA.
SIEV | DAE - . ’AVIO <=
lj_lAMM e Rl wEniChem == Whirlpool
"‘Alenia B & DUCATI n i Nl 5
Ll c Elkem v - e
ciinl EEm  ENEA
, CIRA
@ MOTOROLA ARIDGESTONE <<
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Thank you

for your attention

Prof. Ph.D. Franco Grancagnolo )

2 INFN
franco.grancagnolo@le.infn.it (- e
This presentation was created by:
Ph.D. Fabio Rossetti Ph.D. Eng. Marco Perillo [ |
fabio _rossetti@live.it m.perillo@enginsoft.it ENGIN .
+39 328/4276720 +39 0461 979340 8 Of1 )
Frascati (RM), 04.04.2011
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